Introduction
============

Advances in technology and medical science improve the quality of life as well as reduce the risk of mortality at various life stages. Those who have lost the ability to function normally because of trauma, surgery, stroke, tumor, or infection can regain as well as maintain independence and a good quality of life through rehabilitation. This process focuses on restoring certain functions of a damaged body part or utilizing education to train individuals to compensate for the damage that cannot be repaired. The treatment typically involves continued sessions of one-to-one training for a number of weeks. Severe cases require long-term care, of which the associated demands may pose the greatest challenge for personal, family, and public resources.

Shoulder pain is an extremely common complaint among the general population, accounting for 5% of all general medical practice consultations. This is the fourth most frequent type of musculoskeletal pain reported by patients to general medical practitioners and physical therapists.[@b1-ppa-6-821] Shoulder pain is typically characterized by symptoms in the various joints, muscles, tendons, and bursae involved with shoulder motion.[@b2-ppa-6-821] Such disability of the body affects the person's daily activities and quality of life. Rehabilitation is the key to returning the shoulder to its original state, which is typically accomplished through simple exercises. Shoulder exercises are useful in the treatment of numerous causes of shoulder pain,[@b3-ppa-6-821],[@b4-ppa-6-821] and are performed under the direction of a physician to ensure that the proper muscles are targeted for a specific condition.

Shoulder rehabilitation focuses on two important aspects of shoulder motion: flexibility and strength.[@b5-ppa-6-821] Shoulder mobility is commonly improved through the use of certain types of equipment, such as the shoulder wheel, overhead pulley, and finger ladder, among others, in a range of motion exercises. Serious illness or injury often leads to a long, slow return to health. Regardless of the condition, one of the main keys to recovery is participation. Unfortunately, the treatment procedure is usually tedious, and the patients often do not maintain focus during and throughout the training process. The treatment program typically lasts too long for the patient to keep the therapy plan on track. At times, the patient might not remember if he or she has completed enough exercises. Furthermore, traditional rehabilitation has the disadvantages of an absence of computerized sensing mechanisms, high costs, and an uneven distribution of therapists.

Virtual reality (VR) environments have attracted considerable interest as assistive technologies for rehabilitation.[@b6-ppa-6-821]--[@b8-ppa-6-821] With VR, a player can interact with the computer via a user-friendly interface. The movements made in the virtual environment mimic those made in the physical environment. Compared with classical rehabilitation, the benefits of virtual rehabilitation include economy of scale, stored patient data, remote data access, low health care costs, interactivity, and patient motivation.[@b6-ppa-6-821],[@b9-ppa-6-821] A VR rehabilitation system typically consists of a computing platform, feedback sensors, and software. Adamovich et al[@b10-ppa-6-821] used a VR environment in combination with robotic devices to assist in the recovery of hand/arm function. A high-end CyberGlove^®^ component (CyberGlove Systems LLC, San Jose, CA) was used for the sensorimotor training of the hemiparetic hand.[@b11-ppa-6-821] Guberek et al[@b12-ppa-6-821] evaluated the level of cooperation and satisfaction associated with practicing arm and hand movements for rehabilitation purposes in cerebral palsy.

Several researchers have focused on developing software (computer games) to create VR environments and game frameworks on personal computers (PCs).[@b13-ppa-6-821],[@b14-ppa-6-821] Most existing VR systems are expensive, heavy, and require frequent technical support. Morrow et al[@b15-ppa-6-821] reduced the cost of hardware by integrating several low-cost components based on a modified Xbox (Microsoft Corporation, Redmond, RA) gaming system for poststroke hand rehabilitation.[@b15-ppa-6-821] Raichur et al[@b16-ppa-6-821] developed an accelerated stroke rehabilitation platform based on electroencephalography/surface electromyography signals to enable home use. Burke et al[@b17-ppa-6-821] proposed a low-cost visual tracking system for home-based, upper-limb stroke rehabilitation, without the need for expensive or special equipment, and which could be independently operated by the patient. To avoid development time and costs, the authors[@b18-ppa-6-821],[@b19-ppa-6-821] used a commercial off-the-shelf product (Nintendo^®^ Wii gaming system; Nintendo Co, Ltd, Kyoto, Japan) to provide VR therapy. The attention required to play a game can distract the player from the sensation of pain. The gaming system not only increases the willingness of patients to accept the treatment, but also increases their comfort during the process. Thus, incorporating game technology into the rehabilitation program seems to be a promising approach.

In general, the strategy of game design for rehabilitation would be considerably different from that of commercial video games. Burke et al[@b20-ppa-6-821] identified two principles that are significant to game design: meaningful play and challenge. Meaningful play emerges from the interaction between a player's actions and the system's outcomes. Challenge means that a game should be designed to gradually increase in difficulty as it progresses. Ryan et al[@b21-ppa-6-821] demonstrated the value of an iterative, player-centric game design. Furthermore, Magee[@b22-ppa-6-821] suggested that the game concept requires addictive attributes such as competitiveness, clickability, progressive achievement, rewards, and physical and cognitive challenges, as well as entertainment value. Visual or verbal feedback is similarly significant in game playing.

As of this writing, almost all games on the market have one of seven age suitability ratings set by the Entertainment Software Rating Board.[@b23-ppa-6-821] Potential game players span all age groups, and each age group has its preference of games. The number of makers of computer-based and online video games for the elderly is increasing. The agility of elderly players is not comparable with those of adolescents, and thus the former have their own preferences in terms of game content. The Japanese giant, Nintendo, has developed the "Brain Age" game for its DS game console.[@b24-ppa-6-821] This game features tasks in memory, mathematics, reading, and even music, encouraging players to think by engaging in challenging exercises. Allstate Corporation (Northbook, IL), incorporated with Posit Science Corporation (San Francisco, CA), also studied the use of video games to improve the driving ability of the elderly.[@b25-ppa-6-821] Patients in the rehabilitation program might be retained by designing specific games for each age group to increase their motivation to play.

A gender gap exists between males and females in the use of technology. Previously, video game users were mostly males, but that situation has changed since 1996, when Mattel Media (Mattel Inc, El Segundo, CA) launched three video games based on the best-selling toy of all time, Barbie (Mattel Inc). Several studies revealed girls' different preferences in software design, showing that girls preferred multiplayer modes, and also enjoyed playing and communicating with other users. Girls were not interested in violent and exaggerated female sexuality content, and were generally afraid to participate in competitive games.[@b26-ppa-6-821]--[@b29-ppa-6-821] Another study showed that females tended to play card games and chess games, whereas males, by contrast, had a strong competitive tendency, and were inclined to challenge and outdo other players; massive multiplayer online roleplaying games (RPGs) and action games were shown to be male favorites.[@b30-ppa-6-821] The studies further suggested that males spent more time and enjoyed playing more computer games than females. Gender differences also existed in both the frequencies and the types of games played.

In this study, we hypothesize that a game is significant for medical rehabilitation, and that gender and age are two crucial factors in designing a game. In applying video games to medical rehabilitation, the system must provide functionalities similar to those of the existing physical therapy equipment. The system is operated by a patient based on the treatment procedure, as determined and established by a therapist. In this paper, we propose a game-based system for shoulder rehabilitation. A homemade, fully functional shoulder wheel that mimics the functionalities of the existing shoulder wheel was constructed. Six games were designed to fit the specific needs of individuals based on gender and age. Two surveys were conducted to evaluate the satisfaction level of the participants.

Materials and methods
=====================

Shoulder wheel system
---------------------

[Figure 1](#f1-ppa-6-821){ref-type="fig"} illustrates the architecture of the shoulder wheel rehabilitation gaming system. The system is composed of hardware implementation and software design. The hardware is comprised of a homemade shoulder wheel and a control module. The software consists of two subsystems: one for management and another for gaming. The former is used by a therapist to create an account and to review the treatment process, while the latter serves as a portal through which a patient can begin the treatment.

A shoulder wheel (eg, model 605 by Bailey Manufacturing Company \[Lodi, OH\]) performs circular motions, and, according to its specifications,[@b30-ppa-6-821] the diameter of the tubular circle is 37.5 inches with a height adjustable up to 26 inches, and a handle adjustable to 39 inches of arc. We built a shoulder wheel (axial model) using off-the-shelf materials based on these specifications. The homemade shoulder wheel function is demonstrated in [Figure 2A](#f2-ppa-6-821){ref-type="fig"}. A control module was also designed to transform the wheel rotation into control signals to trigger a game, as shown in [Figure 2B](#f2-ppa-6-821){ref-type="fig"}.

The need for rehabilitation crosses all age groups, whereas the type, level, and goals of rehabilitation often differ by age and gender. According to one research report,[@b31-ppa-6-821] players above the age of 30 prefer games of strategy. For those under 18 years of age, massive multiplayer online games are the first choice. RPGs are favored by those in between these age groups. Given the growing number of both old and young players, we extended the age range of the middle age groups on both ends to balance the age distribution. In this study, six computer games were designed according to the age and gender differences noted among users. Three age groups (G1, under 14 years; G2, 14--45 years; and G3, over 45 years) are classified for each gender, and the game title for each group is illustrated in [Table 1](#t1-ppa-6-821){ref-type="table"}. [Table S1](#SD1){ref-type="supplementary-material"} shows the corresponding descriptions of these games. [Figure 3](#f3-ppa-6-821){ref-type="fig"} demonstrates a sample screenshot of our game titled "Cupid's Arrow" for female players between the ages of 14 and 45.

Study sample and setting
------------------------

Our experiments were comprised of two surveys: a paper-and-pencil survey, and an online survey. The paper-and-pencil survey was administered among 68 healthy participants distributed across all age and gender groups, and recruited within a specific community. None of the participants had ever used a shoulder wheel, and thus their opinions would not be biased by any prior experience. In the online survey, 531 subjects participated. The website was open to the public, and no restrictions were established for the qualifications of survey respondents.

The setup of our system is described as follows. The software design of the gaming system was implemented using Visual Basic 6.0 on a Windows XP platform (Microsoft Corporation). The rehabilitation games can be played on PCs as displayed on a standard monitor or on a projector screen. A Microsoft Access database was used to manage the information. Both hardware and software were verified to demonstrate the effectiveness of our system in the authors' paper.[@b32-ppa-6-821] Readers are advised to refer to Chang et al[@b32-ppa-6-821] for the details of the system operation.

Data sources and measures
-------------------------

We designed a survey to characterize the satisfaction level of the participants in using games for shoulder rehabilitation. The survey contained ten statements, as shown in [Table S2](#SD2){ref-type="supplementary-material"}. Each statement was measured using a five-point Likert scale, with the lowest value of 1 meaning "strongly disagree" and the highest value of 5 meaning "strongly agree." After all of the surveys were completed and collected, the scores for each statement were computed.

For the paper-and-pencil survey, the system functionalities were briefly explained and demonstrated to familiarize the respondents with the system operation. The participants were asked to rotate the homemade shoulder wheel ten times in clockwise and counterclockwise directions to obtain a feeling for how a conventional shoulder wheel works. After a short break, the participants engaged in hands-on operation of the rehabilitation system. They accessed the specific games according to gender and age, and they then played around with the system. After a treatment session, they were advised to fill out a form on which they indicated what they thought of or how they felt about the system.

A website was set up to collect more feedback from a large number of respondents for the evaluation of the performance of our rehabilitation system. The system operation procedures for distinct games were videotaped and converted into MPEG-4 format files that were posted online for the public to retrieve through streaming media technology. After viewing the operation procedures, the visitor was guided to the webpage of an online survey and was asked to fill out a survey form.

Data analysis
-------------

Four variables were considered in this study: the survey method, game type, gender differences, and age of participants. These variables were analyzed via factorial experiments. The relationships of gender and age with the responses of the paper-and-pencil as well as the online surveys were separately evaluated. All analyses were conducted through the use of the Statistical Package for the Social Sciences (SPSS) 13.0 statistical program (IBM Corporation, Armonk, NY). Duncan's multiple range test was employed to determine the significant differences between the various factors. The statistical significance was determined at a significance level of *P* \< 0.05.

Results
=======

Sample characteristics
----------------------

A paper-and-pencil survey was administered among 68 healthy participants, with 38 males and 30 females. [Table 2](#t2-ppa-6-821){ref-type="table"} indicates the number of participants in each group and the corresponding distribution ratio. In the online survey, a total of 531 subjects participated, with 287 males and 244 females. [Table 3](#t3-ppa-6-821){ref-type="table"} presents the related information for the online survey.

Gender factor
-------------

Significant differences were observed in the gender factor for the paper-and-pencil survey (F~(1,628)~ = 7.943, *P* = 0.005). In all survey statements, the satisfaction level of female participants (mean 4.30 ± 0.045) was higher than that of male participants (mean 4.05 ± 0.042). The female users found it easier to accept this new approach for rehabilitation. Statement 2 ([Table S2](#SD2){ref-type="supplementary-material"}) obtained the lowest score (mean 3.94 ± 0.096) for both genders, which indicated that the participants did not entirely enjoy the immersion in the game environment.

Age factor
----------

Significant differences were observed between different age groups (F~(2,628)~ = 6.575, *P* = 0.001). The participants could be divided into two subgroups via Duncan's multiple range test. G2 had a relatively lower score (mean 3.94 ± 0.047). No significant statistical differences were observed between G1 (mean 4.35 ± 0.069) and G3 (mean 4.26 ± 0.048; *P* = 0.252). G2 participants expected more from this gaming system. G1 participants provided lower scores for statement 5 ([Table S2](#SD2){ref-type="supplementary-material"}) (mean 3.73 ± 0.228), showing they had greater doubts about the functionalities of our system when compared with those of a traditional shoulder wheel.

Relationship between paper-and-pencil survey and online survey
--------------------------------------------------------------

Statistical results indicated that for all statements, the scores of the online survey were higher than those of the paper-and-pencil survey. Although differences were observed between the two survey methods (F~(1,5915)~ = 233.575, *P* \< 0.00), the trends indicated by both surveys were similar. This finding suggests that the results of the paper-and-pencil survey coincide with those of the online survey.

The interaction between gender and age indicated that participants of different genders and age groups favored specific game types. This finding can be observed from the results of the male participants in G2 (mean 3.77 ± 0.053). No significant difference was observed in the interaction between gender and statement (F~(9,628)~ = 0.281, *P* = 0.980), which suggested the coinciding feelings of both male and female participants regarding the system.

Discussion
==========

The scores of all groups across the ten statements ranged from 3.61 ± 0.61 to 4.86 ± 0.38. Most of the scores were above 4.0. These results indicated that most of the participants were satisfied with the game design, system operation, and expected rehabilitation effects of the mechanism we developed. After using this system, the respondents felt more relaxed than after operating a conventional shoulder wheel.

Examining the data for each gender and age group, the scores for males in the ages 14--45 group were slightly lower than those of the other groups (mean 3.83 ± 0.71). We speculate that this age range is too broad for only one game to satisfy all players. A possible solution would be to divide this group into subgroups. We would also consider providing a wider range of games to fit the distinct needs of each age group. For example, both genders in the ages 14--45 group commented on the contents of the game, and those above 45 responded on feeling physically present in the game environment.

In addition, participants in G1 (under 14 years) gave lower scores on the statement, "This system has the same therapeutic effect as the traditional one." We assumed that several respondents were too young (ages 6 and 7) to understand the statements, and they might not have ever seen an actual shoulder wheel, much less know how it works. We may need to provide further system orientation for this group before asking them to fill out the survey in the future.

Conclusion
==========

Video games have been used as a form of physiological or occupational therapy in a number of studies. A game can motivate a patient to engage in the virtual world and provide a distraction from pain or anxiety. In this study, a gaming system was constructed for shoulder rehabilitation. The mechanism was designed to simulate the functionalities of an existing shoulder wheel. The control module was designed to capture the movements of the shoulder wheel and transmit the signals to a game on a PC platform. The game categories were designed according to the gender and age of the players. The statistical analysis based on the results of a paper-and-pencil and an online survey indicates the efficacy of our gaming system.

Most existing rehabilitation systems provide only one game for a specific application for all potential patients. We observed the gender and age differences and divided the subjects into six groups. Each group had its own favorite choice. Given that one game may not meet all the needs of the participants, each group could select from a wide range of game titles. The patients in each group could then have more choices instead of playing only the default game.

The development of treatment strategies requires a clear understanding of the ability and motivation of patients to participate in the therapy. This gaming system can distract a patient from pain or anxiety and increase their motivation for participating in this type of rehabilitation. The system is not intended to replace therapists, but it is meant as a tool by which to assist in monitoring the patient's progress and to ensure that the treatment plan is running smoothly. The advantage of its low cost makes our system suitable for use by patients at home. With minor modification, our system can also be integrated into a real shoulder wheel. Moreover, this design can be applied to other existing rehabilitation facilities.
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Supplementary materials
=======================

###### 

Brief description of each game title in our system

  **Game title**     **Description**
  ------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Submarine Hunter   Submarines show up randomly under the water. A player can control a warship's position horizontally to throw bombs to destroy them.
  Trebuchet          Carts appear randomly in the desert. A player can adjust the projection power of the trebuchet to propel a stone to attack them at distinct distances.
  Treasure Chest     The secret code of a single-dial lock to open a treasure chest is shown at the top of the screen. A player can turn the dial clockwise/counterclockwise to the appropriate spots to open the box.
  Cockroach Buster   Cockroaches show up on the left of the screen. A player can guide a little girl vertically to throw her slipper to smash them.
  Cupid's Arrow      Bend Cupid's bow and point at hearts in the sky. A player can adjust the bow to an appropriate angle of attack and release the string to shoot the hearts.
  Match Two          Twelve cards with six pairs of fruit are shown and covered rapidly. A player has to memorize the locations of them. The player then has to rotate the shoulder wheel to move to the appropriate locations and flip two cards consecutively to see if there is a match.

###### 

The questionnaire statements

  **Statement number**   **Statement**
  ---------------------- --------------------------------------------------------------------------------------------------
  S1                     You are interested in the contents of the game.
  S2                     You feel physically present in the game environment.
  S3                     The progress of the game is appropriate.
  S4                     The gaming system is easy to operate.
  S5                     The gaming system has the same therapeutic effect as the traditional one.
  S6                     Playing the system makes you feel more relaxed than operating a conventional shoulder wheel.
  S7                     Playing the game can divert your attention and help you forget the uncomfortableness.
  S8                     You can focus on playing the game, and therefore the effectiveness of treatment can be improved.
  S9                     The rehabilitation progress is under control using this gaming system.
  S10                    Overall, you are satisfied with this gaming system.

![Proposed system architecture.](ppa-6-821f1){#f1-ppa-6-821}

![Shoulder wheels. (**A**) A homemade sample. (**B**) Interior of the control module.](ppa-6-821f2){#f2-ppa-6-821}

![Screenshot of "Cupid's Arrow" game.](ppa-6-821f3){#f3-ppa-6-821}

###### 

Game titles for each group

  **Group number**   **Age range**   **Game titles for males**   **Game titles for females**
  ------------------ --------------- --------------------------- -----------------------------
  G1                 Under 14        Submarine Hunter            Cockroach Buster
  G2                 Ages 14--45     Trebuchet                   Cupid's Arrow
  G3                 Above 45        Treasure Chest              Match Two

###### 

The participants of each group for the paper-and-pencil survey

  **Group number**   **Males**   **Females**   **Ratio of participants (n = 68)**
  ------------------ ----------- ------------- ------------------------------------
  G1                 7           8             22%
  G2                 18          7             37%
  G3                 13          15            41%

**Note:** G1, under 14 years; G2, 14--45 years; G3, over 45 years.

###### 

The participants of each group for the online survey

  **Group number**   **Males**   **Females**   **Ratio of participants (n = 531)**
  ------------------ ----------- ------------- -------------------------------------
  G1                 63          64            24%
  G2                 134         113           47%
  G3                 90          67            29%

**Note:** G1, under 14 years; G2, 14--45 years; G3, over 45 years.
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